Abstract. The freezing and freeze-thaw cycles may reduce the mechanical strength of the material for a concrete faced rockfill dam (CFRD), resulting in the risk of structural damage to the dam under the design load. In order to study the influence of freezing and freeze-thaw on the stress and deformation of the CFRDs, some experimental results and theoretical analysis for the influence of freezing and freeze-thaw cycles on the mechanical parameters of concrete face slab and rockfill were introduced at first. The finite element method (FEM) was adopted for the structural analysis of a CFRD in the high altitude area of Qinghai-Tibet Plateau of China. Using the FEM analysis results, the distribution of stress and deformation of concrete face slab and dam body were obtained and a comparison was made with the analysis results when the freezing and freeze-thaw cycles were not taken into account. Some conclusions were drawn from these analysis results and the research results provide a reliable basis for the design and construction of the CFRD in the future.
Introduction
Concrete faced rockfill dam (CFRD) is a kind of dam type, which is made up of rockfill body and concrete impervious body, i.e. concrete face slab [1] . Because of its good performance on structural stability, anti-seismic capacity, easy access to construction materials, high economic benefits, easy inspection and maintenance and some other advantages [2] , CFRD is widely used in water conservancy engineering after the large scale vibrating construction machinery has been invited [3] . For example, according to some statistics, the number of the CFRDs completed, under construction and in plan in China has reached 305 and the number of CFRDs with the height exceeds 100 meters has reached 94 [4] . As the high altitude in the northwest region of China has a wealth of hydropower resources, many water conservancy projects are built here [5] . Among them, the number of the CFRDs in cold regions is more than 20, and the minimum ambient temperature of many dams is less than -30 degrees centigrade. Besides the temperature load caused by cold wave, it is also worthwhile to study the effect of low temperature and freeze-thaw cycles on constitutive model parameters and strength parameters for CFRD in high altitude area. Low temperature and freeze-thaw cycles can decrease the material parameters, so that the structure may be damaged under design load [6] [7] [8] [9] [10] [11] . Therefore, it is very important to study the impact of low temperature and freeze-thaw on the stress and deformation of CFRD.
Constitutive Model of Concrete Faced Rockfill Dam
The linear elastic model is generally adopted to simulate the concrete material in CFRD. The rockfill material is usually modeled by Duncan E-B model. And Goodman element is adopted to show the contact between concrete face slabs and cushion material.
Constitutive Model of Rockfill Material
As the rockfill is a non-linear material, its deformation varies not only with the size of the load but also with the stress path of the load, and the stress-strain relationship shows obvious nonlinearity. Duncan E-B model has the advantages of simplicity, explicit physical meaning of parameters, which can reflect the stress-strain nonlinearity of soil well through the analysis of the triaxial test 209 [12] . Therefore, the Duncan E-B model is chosen in this paper as the constitutive model for rockfill material, cushion layer and excessive material. E-B model is generally expressed by an elastic modulus E t and a bulk modulus B t . E t is given by 2 3 (1 )
where K is the base of the initial elastic modulus t E ; a P is the atmospheric pressure; 3  is the minimum principal stress; n is the parameter reflecting the relationship between t E and 3
 ; f R is the damage ratio; S is the shear stress ratio, or stress level, reflecting the deviatoric stress at tested material failure. S can be calculated as follows:
in which, 1  is the maximum principal stress; 13
is the partial stress at break, it is given by the Mohr-Coulomb failure criterion: 3 13 2 cos 2 sin
where c is the bond strength, and  is the internal friction angle. Bulk modulus B t is given by 
2) According to the stress level and partial stress of calculated element, the unloading modulus is adopted when the condition of (8) is satisfied. 
Contact Surface Constitutive Model
The contact element is a special element applied to simulate physical phenomena such as slip and cracking on the contact surface [13, 14] . The Goodman element is shown in Figure 1 . The Goodman element's variable is the relative displacement of corresponding nodes on both sides, which is not involving coupling relationship between the shear stress and tangential relative displacement or normal stress and normal relative displacement of the contact surface in the analysis. Therefore, Goodman element can better simulate dislocation, slip and open of contact surface, which also can embody the nonlinear characteristics of contact deformation. However, the disadvantage of Goodman element is that it is no thickness, so that two sides of the element may overlap. In order to prevent this phenomenon, normal stiffness modulus is taken a large value (such as 
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Effects of Low Temperature and Freeze-thaw on Material Constitutive Properties
Effect of Low Temperature on Dam Construction Materials
Concrete. The compressive strength and elastic modulus of the concrete increase with the raise of the negative temperature, and the tensile strength increases with the increase of the negative temperature. The tensile modulus of the concrete increases slowly with the increase of the negative temperature Increase [15, 16] . The relationship between the tensile strength and the elastic modulus of the concrete under different temperature (20℃~-40℃) within the standard conditions of conservation of 28 days' ratio of parameters is given in the literature [17] , which is shown in Table  1 and 2. Table 1 . The ratio of the tensile strength at various temperatures and the strength of 20℃, 28d. Rock. The low temperature freezing will also have a great influence on the mechanical properties of the rock. The compressive strength and elastic modulus increase greatly at low temperature, with the temperature decreased showed an increasing trend, and there will be a situation of plastic weakened and brittle enhanced [18, 19] . According to the experimental results of Guang-miao Xu [20] , the rock triaxial compression test at different temperatures (-10℃~20℃) shows that the shear strength parameters c and φ of the rock show an increasing trend with the decrease of temperature. However, due to the difference between lithology, porosity and water content, the sensitivity of different rock mechanics parameters to temperature is different. Table 3 shows the changes of c, φ value of Jiangxi red sandstone with the temperature changes. 
Effect of Freeze-thaw on Dam Construction Materials
Concrete. Freeze-thaw cycles have a greater impact on the strength of concrete, especially for flexural strength and reaction. The effect of the freeze-thaw cycle on the strength of the concrete is greater than that of the relative elastic modulus or weight loss. In the literature [21] [22] [23] [24] [25] , the relationship between the mechanical properties of concrete and the number of freeze-thaw cycles is studied. The following conclusions are drawn: ○ 1 The strength of concrete decreases with the increase of freeze-thaw times, and the most sensitive are the tensile strength and the resistance, that is, the tensile strength and flexural strength of concrete decrease rapidly with the increase of freeze-thaw times, and the decreasing trend of compressive strength is slow. The initial elastic modulus and the peak deformation modulus decrease linearly with the number of freeze-thaw cycles, and the tensile strength and the flexural strength decrease with the increase of freeze-thaw times. ○ 2 The uniaxial compressive strength and elastic modulus of concrete decrease linearly with the increase of freeze-thaw cycle. The impact of freeze-thaw cycle is different in different proportions of concrete, as well as the same proportion but in different solutions in the freezing and thawing cycle of the coagulation mechanical properties.
According to the reference [26] , the relationship between the compressive strength ratio of concrete and freeze-thaw cycles is as follows: Rock. The alternation of freeze-thaw caused by the change of temperature will lead to the weathering of rock, and the mechanical properties of rock will be decreased obviously. Experimental study on mechanical properties of red sandstone and shale by literature [27, 28] can obtain: ○ 1 The freezing and thawing damage of rocks is mainly affected by rock lithology, rock porosity, water content and saturation, freeze-thaw cycles, freeze-thaw cycles (or freeze-thaw frequency), freeze-thaw temperature range and stress state.
○ 2 The freeze-thaw cycles and freeze-thaw cycles have a significant effect on the damage of the freeze-thaw damage. The greater the number of freeze-thaw cycles, the shorter the cycle, the greater the temperature change rate, and the more obvious the influence of freezing thawing cycles. For the same kind of rock, with the increase of the number of freeze-thaw cycles, the overall trend of strength is gradually reduced.
Example Project Overview
A reservoir is located in Datong County of Qinghai Province, Huangshui River tributary of the Beichuan River. The dam is a concrete face rockfill dam with a maximum dam height of 123.5m, the crest length of 438m, the crest width of 10m and total reservoir capacity of 182 million m 3 . The layout of the project is shown in Figure 2 .
The dam site is a cold and humid alpine climate, and the drought is drier and the cold wave is frequent with an average of 13.6 times a year. The average annual minimum temperature is between -17.3 ~ -19.5℃, and the average annual freeze-thawing times is 77.2 times. The air temperature of dam is shown in Figure 3 .
According to the characteristics of reservoir engineering, two dimensional finite element model of dam is established. And two-dimensional static nonlinear finite element calculation is carried out to obtain the dam deformation and stress characteristics. 
Numerical Model and Material Parameters
According to the dam body division, construction procedure and loading process, the maximum cross section and dam foundation of the dam are divided, and a two -dimensional finite element model is established. The finite element model of the largest section has 304 solid elements, 25 contact elements and 372 nodes, which is shown in Figure 4 : Referring to the results of the three axial compression test of Nanjing Water Resources Research Institute [29] , the parameters of the E-B model and the parameters of concrete materials at room temperature are shown in Table 4 . The parameters of the contact surface and the connecting element are shown in table 5. The minimum temperature of the engineering area is -20℃, and under the low temperature, the dam structure in a certain depth range will be affected. Within this range, the structural parameters of concrete face slab, toe slab, connecting slab, cushion, transition, main rockfill, secondary rockfill and drainage body of dam will change. The ratio of elastic modulus and tensile strength of concrete is 1.05 and 1.09 respectively with reference to Table 1 and Table 2 . The rockfill materials of the dam are mainly sand and gravel. Making linear extrapolation according to table 3, the ratio of the value of c, φ of the rockfill at 20℃ and the value of c, φ at 20℃ is 1.25, 1.05 respectively. The elastic modulus of the initial modulus and bedrock of the dam is calculated according to the law shown in Table 2 . The mechanical parameters of the dam material in the case of freezing are shown in Table 6 . The parameters of the contact surface and the connection unit are shown in Table 7 . The mechanical parameters of the dam material under the freezing and thawing situation are shown in Table 8 , considering the annual freeze-thaw times of the dam site area have reached 77.2 times, the tensile strength and elastic modulus of the concrete are calculated according to the formulas (12) to (14) . For the rockfill body, the freezing and freeze-thaw are mainly used on the surface of the dam body, and the material characteristics of the frozen case (considering -20℃) are selected according to the mechanical properties of concrete and rock. 
Calculation Result Analysis
When the finite element calculation is carried out, the bedrock is first loaded and the node displacement is initialized to zero before the dam is loaded. Only the element stress is retained to obtain the initial stress field of the foundation. Therefore, the displacement described in this paper refers to the beginning of the dam after the completion of displacement. The displacement sign is defined as: the descending direction of the river is directed from the upstream to the downstream and the vertical displacement is positive. The stress sign is defined as: the compressive stress is positive and the tensile stress is negative. Table 9 is a summary of the calculated results; the table lists some of the calculation of the extreme value. Figure 5 is the maximum cross section's settlement line diagram of the dam in the storage period. It can be seen from Table 9 and Figure 5 that the distribution of dam settlement is the same in three cases, and the displacement value is the largest in the vicinity of 1/2 dam height. The maximum sedimentation value is 442mm and the maximum sedimentation value accounts for 0.35% of the maximum dam height during the water storage period (at room temperature). In the center and 1/2 height of the dam, the displacement is the largest. Under the condition of freezing, the settlement of the dam is obviously reduced compared with normal temperature conditions and the maximum reduction is 23 mm. Compared with the freezing condition, the settlement of the dam is increased and the maximum increase is 5mm after freeze thawing. Overall, the freezing effect will reduce the settlement of the dam, after thawing, the settlement of the dam increases compared with freezing conditions. Figure 6 shows the maximum principal stress distribution of the maximum section of the dam during the water storage period. The distribution of the maximum principal stress of the three sections is basically the same, and the dam body is basically compressive stress, and the compressive stress at the bottom of the dam is the largest. Under the action of freezing and freeze-thaw, the maximum principal stress of the maximum cross section increases slightly. The maximum principal stress is obviously increased under the freezing effect, which is reduced under the action of freezing and thawing. In general, freezing and freeze-thaw will increase the maximum principal stress of the dam. The deflection distribution of the panel under the three operating conditions is shown in Figure 7 . The deflection distribution of the panel is basically the same in the three cases, and the deflection of the panel is the largest in the vicinity of the 1/2 dam height. Under the freezing effect, the maximum deflection of the panel is increased by 5.7 mm under the normal temperature condition. Under the freeze-thaw effect, the extreme deflection of the panel is increased relative to the freezing conditions, and the deflection of the panel is increased by 6.4 mm. In general, the freezing and freeze-thaw actions will increase the panel deflection, which is more prone to cracking compared with the panel at room temperature. Under the action of freezing, the maximum increment of tensile deformation is 0.8mm. Under the action of freeze-thaw, the maximum increment of tension is 3.4mm. Under the action of freezing and freeze-thaw, the shear deformation of the toe slit was obviously increased. Under the action of freezing, the maximum increment of shear deformation is 8 mm, and the maximum increment of shear deformation is 8.5mm under freeze-thaw. Overall, the freezing and freeze-thaw action will make the toe slit shear deformation increased significantly.
Conclusion
This paper is based on the linear elastic model, the Duncan Zhang EB model and the Goodman contact element numerical model. Taking a concrete face rockfill dam in the northwest high altitude area as an example, the finite element of Stress and Deformation of Dam Body and Concrete Panel is analyzed considering the influence of low temperature and freeze-thaw on the constitutive model parameters of each material. The results show that: 1) The maximum settlement of the dam is located near the height of the dam at the height of 1/2 dam. Compared with the normal temperature, the freezing effect will reduce the settlement of the dam. After freeze-thaw, body settlement has increased. 2) The compressive stress is the highest in the dam body, and the compressive stress at the bottom of the dam is the largest. Under the freezing and freeze-thaw, the maximum principal stress of the dam is increased.
3) The concrete panel in the vicinity of 1/2 dam height has the largest deflection, and the upper and lower ends are smaller. Under the action of freezing and freeze-thaw, the deflection of the concrete panel is obviously increased, and the shear deformation of the toe slab is increased obviously. 4) Based on the two-dimensional finite element model, this study cannot reflect the three-dimensional spatial variation and distribution of stress and deformation of dam under the influence of low temperature and freeze-thaw, which needs further study.
